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Title : MACHINING PROGRAM CREATION METHOD FOR TWO-SPINDLE 
5 MACHINE TOOL 

[0023] The present invention provides a method for creating a NC program for 
both machining units LM and RM, when the work W mounted on a single table 
41 is machined by coordinating two spindle heads 31 and 32. To execute this 

10 method, the CPU 51 is provided with, as shown in Fig. 3, software for executing 
coordination information adding processing 64. The program creation method 
according to the present invention is performed according to a procedure 
described below, by changing an operation mode of the CNC unit 50 to a 
program creation mode. 

15 [0024] As shown in Fig. 4, as a first stage, a first and a second NC programs 

NP1 and NP2 for machining the work W are respectively created by individually 
operating the left and right machining units LM and RM. As the creation order, 
either the program NP1 or the program NP2 can be created first. Fig. 5 is an 
example of the both programs NP1 and NP2 for drilling and tapping, in 

20 association with machining positions a to g of the work W. In the machining 

example, the program NP1 for the left machining unit LM is formed of eight data 
blocks with sequence numbers N10 to N80, and programmed so as to drill 
prepared holes in the process of returning from a machining position d closest 
to the right machining unit RM to a starting point thereof in order of d -> g c 

25 -> f .... Likewise, the program NP2 for the right machining unit RM is formed of 
eight data blocks with sequence numbers N10 to N80, and programmed so as 
to perform tapping with respect to the prepared holes in the process of moving 
toward the opponent, that is, the left machining unit LM, in the same order as 
the machining sequence of drilling. 

30 [0025] The both programs NP1 and NP2 are created in an interactive manner 
such that the operator talks with the CPU 51 , for example, by inputting an input 
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item instructed on a display screen 543 by using the ten keys 542, under 
execution of the input/output support processing 61. The respective NC 
programs NP1 and NP2 created in this manner are stored in the memory 52 for 
each one data block in a well-known EIA code format. For example, commands 
5 and data are input to each data block subsequent to a sequence number, in 
order of a control command (a so-called G code command), spindle-specifying 
data, target position data, a speed command, an M function command, and a 
block termination command. The respective NC programs NP1 and NP2 can 
be created by using a code format other than the EIA code. 

10 [0026] Fig. 6 depicts a program example when the left and right machining units 
LM and RM take partial charge of a plurality of hole drilling operations. In this 
case, the NP1 for the left machining unit LM is programmed so as to perform 
hole drilling sequentially to a group of machining positions shown on the upper 
side of Fig. 6, in the process of returning from the machining position d closest 

15 to the right machining unit RM to the starting point thereof in order of d -> c b 
a. The program NP2 for the right machining unit RM is programmed so as to 
perform hole drilling sequentially to a group of machining positions shown on 
the lower side of Fig. 6, in the process of moving toward the opponent, that is, 
the left machining unit LM. In the respective NC programs shown in Figs. 5 and 

20 6, a rotation speed command of the tool spindle is given to the first block. A tool 
replacement command is given to the previous stage of the first block of the 
respective NC programs, but these are omitted in Figs. 5 and 6. Furthermore, 
in Figs. 5 and 6, in the stage in which the programs NP1 and NP2 for single 
operation are created, a machining permission command MPC and a machining 

25 permission wait command PWC have not been inserted yet. 

[0027] As shown in Fig. 4, in the machining program creation method of the 
present invention, debugging of the respective NC programs NP1 and NP2 is 
executed as a second stage. An object of the debugging processing DBG1 is to 
remove a problem (bug) included in the respective NC programs NP1 and NP2 

30 when the respective NC programs are executed separately by the CNC unit 50. 
This processing can be executed by software simulation for checking program 
operation by displaying a track of the tool moving with respect to the work W on 
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the display screen 543 based on the respective NC programs NP1 and NP2, 
without actually operating the machine tool 10. However, when the debugging 
is to be performed more reliably, the respective NC programs NP1 and NP2 are 
actually executed by the CNC unit 50 separately, to execute checking by 
5 moving the tool with respect to the work W. In this case, a no-load running test 
in which the tool is not brought into contact with the work W can be used, 
however, when trial machining in which the work W is machined by the tool is 
performed, the dimension of the work W, which has been subjected to the trial 
machining, is measured, to determine the quality of the NC programs NP1 and 
10 NP2. 

[0028] Subsequent to the debugging DBG1 for executing the respective NC 
programs NP1 and NP2 individually, in the third stage, coordination information 
is added to the NC programs NP1 and NP2 for operating the both machining 
units LM and RM simultaneously in coordination with each other. This 

15 processing is explained with reference to Figs. 5 and 6. In the case of Fig. 5 in 
which drilling and tapping are assigned to the both machining units LM and RM, 
a plurality of machining permission commands MPC individually identified are 
added to the first NC programs NP1, which precedes the machining operation 
(hereinafter occasionally referred to as preceding machining program), and a 

20 plurality of machining permission wait commands PWC individually identified 
are added to the second NC programs NP2, which starts the machining 
operation tardily (hereinafter occasionally referred to as subsequent machining 
program). Addition of the machining permission commands MPC and the 
machining permission wait commands PWC is carried out in the following 

25 manner. That is, the data blocks in the subsequent machining program NP2 is 
sequentially selected as a comparison reference, the comparison reference 
block is compared with a data block to be compared of the preceding machining 
program NP1, which is sequentially selected, and the machining permission 
commands MPC and the machining permission wait commands PWC are 

30 added based on the comparison result. 

[0029] More specifically, the top data block "N10 d machining" of the 
subsequent machining program NP2 is selected as the comparison reference 
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block. Furthermore, as the data block to be compared, the first data block "N10 
d machining", the second data block "N20 g machining", the third data block 
"N30 c machining", and the fourth data block "N40 f machining", of the 
preceding machining program NP1, are sequentially selected. When an interval 
5 between target positions on an X axis of the selected both blocks is equal to or 
smaller than a predetermined value K for avoiding interference, it is determined 
that there is an interference, and when the interval is equal to or larger than the 
predetermined value K, it is determined that there is no interference. The 
predetermined value K is preset to a value, at which even if a distance in the left 

10 and right direction between the spindles 29 and 40 of the both spindle heads 31 
and 32 reaches this value, there is a slight space between the opposite side 
faces of the both spindle heads 31 and 32. As for the selected block of the 
preceding machining program NP1, if the block is near the top block, it is 
determined that there is interference. However, in the process of shifting the 

15 selected block toward the last block side, a block determined to have no 
interference is extracted. When this determination changes, a machining 
permission command MPC-d for permitting execution of the top block of the 
subsequent machining program NP2 is inserted into the previous stage of the 
block "N50 b machining", for which determination changes to "no interference". 

20 Furthermore, a machining permission wait command PWC-d, which is released 
due to execution of the machining permission command MPC-d, is inserted into 
the previous stage of the top block "N10 d machining" of the subsequent 
machining program NP2. 

[0030] The comparison reference of the subsequent machining program NP2 is 
2 5 then shifted to the next block "N20 g machining", and the block to be compared 
of the preceding machining program NP1 is selected and shifted in order of the 
first block "N10 d machining", the second block M N20 g machining", the third 
block "N30 c machining", and the fourth block "N40 f machining". In this 
process, as shown in Fig. 5, a block "N60 e machining", which is determined to 
30 have no interference, is extracted, and a machining permission command MPC- 
g for permitting execution of the block "N20 g machining" of the subsequent 
machining program NP2 is inserted into the previous stage of the block "N60 e 
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machining". Furthermore, a machining permission wait command PWC-g, 
which is released due to execution of the machining permission command 
MPC-g, is inserted into the previous stage of the block tt N20 g machining" of the 
subsequent machining program NP2. Thus, by repeating the above processing, 
5 in an example of Fig. 9, machining permission commands MPC-c and MPC-f 
are respectively inserted into the previous stages of the blocks N70 and N80 of 
the preceding machining program NP1, and machining permission wait 
commands PWC-c and PWC-f are respectively inserted into the previous 
stages of the blocks N30 and N40 of the subsequent machining program NP2. 

10 [0031] The machining permission commands MPC-d to MPC-f can be instructed 
by various types of signs. For example, these commands are input by codes of 
"$1 to $4", which is a combination of dollar sign and an identification figure. 
Furthermore, the machining permission wait commands PWC-d to PWC-f can 
be also instructed by various types of signs. For example, these commands are 

15 input by codes of "¥1 to ¥4", which is a combination of sign ¥ and an 

identification figure. In this manner, the first and the second NC programs NP1 
and NP2 for individual operation created by assuming that the left and right 
machining units LM and RM are individually operated to perform machining are 
modified for the coordinated operation of the both machining units. As a result, 

20 programs NP1 R and NP2R for coordinated operation are created. 

[0032] After the coordination information adding processing, second debugging 
DBG2 is executed as a fourth stage, as shown in Fig. 4. In the debugging 
DBG2, the CNC unit 50 executes the first and the second modified NC 
programs NP1 R and NP2R for the coordinated operation simultaneously in 

25 parallel, to remove bugs in the both NC programs NP1R and NP2R under the 
state that the left and right machining units LM and RM are cooperatively 
operated. Since bug removal has finished in the second stage with respect to 
the programs NP1 and NP2 for individual operation, bugs found in the fourth 
stage can be determined as being due to the coordination information adding 

30 processing for the coordinated operation. As a result, the second debugging 

DBG2 in the fourth stage can be executed easily. When the modified programs 
NP1 R and NP2R are executed by the CNC unit 50, the unit releases the sign 
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¥ corresponding to the identification figure, that is, the machining permission 
wait command PWC every time the unit decodes the respective ¥ signs, and 
starts NC execution processing 62 with respect to the block in the next stage of 
the sign ¥. 

5 [0033] The main feature of the method according to the present invention is that 
the method includes a process for creating the individual machining programs 
NP1 and NP2 for respective units for individually operating the both machining 
units, and adding the coordination information to the individual machining 
programs for the coordinated operation in the next stage, at the time of creating 

10 the NC programs for operating the left and right machining units LM and RM 

cooperatively. In this case, respective NC programs NP1R and NP2R modified 
for the coordinated operation include the coordination information for the 
coordinated operation, but are maintained as separate programs. Accordingly, 
there is such an advantage that when one of the machining units (for example, 

15 LM) has a failure, the program (NP2) for individual operation created for the 
other machining unit (RM) and maintained is used, or the information (PWC) 
added for the coordinated operation is removed from the program (NP2R) for 
the coordinated operation for this unit and the program is used, to perform 
machining in the individual operation by the other machining unit. The method 

20 of the present invention has an additional feature in that after the machining 
programs NP1 and NP2 for individual operation are created, debugging 
processing DBG1 is executed for these programs, and after the machining 
programs NP1R and NP2R for coordinated operation are created, debugging 
processing DBG2 is executed for these programs, thereby facilitating extraction 

25 and removal of bugs. 

[0034] The coordination information adding processing 64 can be manual 
processing performed by an operator or a programmer by operating an 
input/output unit 54. However, the present invention has such an additional 
feature that software for making the CNC unit 50 execute the adding processing 

30 is incorporated in a system program STM of the CPU 51 . Since the CNC unit 
50 executes the adding processing 64 to realize automization, the burden on 
the operator in creating the NC programs is reduced to the same level as that 
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when the machining units LM and RM are individually operated. As a result, 
remarkable technical progress can be realized such that the difficulty and 
induced program errors accompanying the conventional program creation 
method at the time of executing coordinated operation of the two machining 
5 units LM and RM can be eliminated. 

[0035] Fig. 7 is a flowchart of interference preventing processing constituting a 
part of the coordination information adding processing 64 shown in Fig. 3. 
When the operator inputs an execution command of the processing by 
operating the input/output unit 54, in the state that the NC programs NP1 and 

10 NP2 for individual operation are stored in the memory 52, the CPU 51 starts this 
processing. At first, at step S 1 , it is determined which one of the left and right 
machining units LM and RM is to execute the machining operation precedingly. 
This determination is performed by checking an X-axis target value of 
respective data blocks after the second block of one or both of the NC programs 

15 NP1 and NP2. Specifically, the CPU 51 determines a machining unit in which 
the X-axis target value shifts in a direction of returning to the own starting point 
as the preceding machining unit, and a machining unit in which the X-axis target 
value shifts in a direction going away from the own starting point as the 
subsequent machining unit. In the program example shown in Fig. 5, since the 

20 X-axis target values at a plurality of machining positions d, g, c, f, b, e, and a 
return to the starting point sequentially, the first NC program NP1 determines 
the left machining unit LM executing this as the preceding machining program 
NP1 . Furthermore, since the X-axis target values at the machining positions d, 
g, c, f, b, e, and a move away from the starting point sequentially, the second 

25 NC program NP2 determines the right machining unit RM executing this as the 
subsequent machining program NP2. 

[0036] When the left machining unit LM is determined to perform the preceding 
machining, memory areas ML and MR for storing the first and the second NC 
programs NP1 and NP2 respectively are set as an area B to be compared and 
30 a comparison reference area A (step S2). On the contrary, when the right 

machining unit RM is determined as the preceding machining, memory areas 
ML and MR are set as the comparison reference area A and the area B to be 
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compared (step S3). Addresses Ai and Bi of the both areas A and B are set to 
the first address of these areas (step S4). In Fig. 5, an initial value is expressed 
as address 0, but these addresses correspond to the first address of the areas 
A and B. Subsequently, the NC data blocks to be stored in the addresses Ai 
5 and Bi are read (steps S5 and S6), to determine interference between the left 
and right spindle heads 31 and 32 from the X-axis target value in these blocks 
(step S7). That is, it is assumed that the left and right spindle heads 31 and 32 
are positioned simultaneously in these positions of the target value, and at this 
time, it is determined whether the spindle heads 31 and 32 physically come in 

10 contact with or collide with each other. This determination is specifically 

performed in the following manner. That is, absolute feed positions XL and XR 
of the spindle heads 31 and 32, using these starting points as a point of origin, 
is subtracted from a pre-measured distance XT between these left and right 
starting points, and when the difference is smaller than the predetermined 

15 interference threshold K, it is determined that there is an interference, and when 
the difference is larger than the predetermined interference threshold K, it is 
determined that there is no interference. The X-axis target value in the NC 
programs NP1 and NP2 for the left and right machining units is defined by 
assuming that the respective own starting points are 0 point, and designating a 

20 shift amount from the 0 point toward the other machining unit as a positive 
absolute amount. 

[0037] When it is determined that there is an interference, the address Bi of the 
area to be compared is incremented by one address (step S8), and it is 
determined whether the data block at this new address is the last block (EOB) 

25 (step S9). When it is not the last block, the data block at the new address is 
read (step S6), and interference check is executed based on the read data 
block and the data block at the address Ai of the comparison reference area 
(step S7). Thus, the respective NC data blocks for the subsequent machining 
unit are designated as the comparison reference, and all NC data blocks for the 

30 preceding machining unit (blocks to be compared) are sequentially compared 
therewith. 



[0038] In the program example in Fig. 5, when the right spindle head 32 
performs tapping at position d, steps S6 to S9 are repetitively executed so as to 
check at which position of d, g, c, f, b, e, and a the left spindle head 31 that 
performs drilling interferes with the right spindle head 32. Consequently, when 
5 it is determined that there is an interference, the address Bi of the area to be 
compared is sequentially incremented simply, to change the data block in the 
first NC program NP1 in order of N10, N20, N30, N40, .... When the data block 
at the address Bi of the area to be compared is changed to the one defining 
drilling at the position b, the relationship of XT-SL-XR>K is realized, and it is 

10 determined that there is no interference (step S7). 

[0039] When it is determined that there is no interference, the first permission 
wait command ¥1 is inserted into the previous stage of the comparison 
reference address Ai, that is, the previous stage of the data block N10 for 
tapping at position d, and the first permission command $1 is inserted into the 

15 previous stage of the address Bi to be compared, that is, the previous stage of 
the data block N50 for drilling at position b (step S10). After this processing, the 
comparison reference address Ai is advanced by 1 (step S1 1), and it is 
determined whether the updated comparison reference address Ai is the last 
data block (step S12). When it is not the last block, the address Bi to be 

20 compared is cleared to an initial value (step S13). Thereafter, control returns to 
step S5, to read the NC data block at the updated comparison reference 
address Ai, and comparison between the second data block for tapping of the 
second NC program NP2 for subsequent machining and the respective data 
blocks in the first NC program NP1 for preceding machining is executed as 

25 described above. 

[0040] By performing the processing as described above, in the machining 
example in Fig. 5, a second permission wait command ¥2 and a second 
permission command $2 are respectively inserted into the previous stage of the 
data block defining the machining of tapping and drilling, so that simultaneous 

30 machining of tapping at position g and drilling at position e are permitted. A 
third permission wait command ¥3 and a third permission command $3 are 
respectively inserted into the previous stage of the data block defining tapping 
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at position c and drilling at position a, and further, a fourth permission wait 
command ¥4 and a fourth permission command $4 are respectively inserted 
into the previous stage of the data block defining tapping at position f and an 
original position returning data block of the left machining unit LM that performs 
5 preceding machining. In the flowchart of Fig. 7, when the block is determined to 
be the last block at step S9, control returns to step S5 after step S13. However, 
when the determination result is Yes at step S9, the control flow can be finished 
as shown by broken line, in order to omit further processing. 
[0041] A program creation method when the left and right machining units LM 

10 and RM coordinate with each other to machine the work W at respective 

indexed positions of the rotation table 41 is explained next, with reference to 
Figs. 8 to 10. Fig. 8 depicts the relationship between the first and the second 
individual machining NC programs NP1 and NP2 for the left and right machining 
units individually created and the indexed surfaces L1 to L3 of the work W. In 

15 the respective NC programs NP1 and NP2, a table indexing command for 

directing one machined surface toward the spindle heads 31 and 32 is defined 
as an independent data block in the previous stage of a group of data blocks for 
machining the machined surface of the work W. Specifically, there are one data 
block indexing a first machined surface L1 of the work W to a machining 

20 position facing the spindle heads 31 and 32, a group of data blocks for the first 
machined surface L1, one data block indexing a second machined surface L2 to 
a machining position, a group of data blocks for the second machined surface 
L2, one data block indexing a third machined surface L3 to a machining position, 
a group of data blocks for the third machined surface L3, and lastly, one data 

25 block indexing the first machined surface L1 again to the machining position as 
carrying-out preparation of the work. 

[0042] The data blocks in each group for machining the same machined surface 
of the work W correspond to the programs NP1 and NP2 explained with 
reference to Figs. 5 and 6. In this stage, however, the machining permission 
30 command $1, $2, ... and the machining permission wait command ¥1, ¥2, ... 
paired therewith have not yet been inserted. Preferably, in a type using a 
known pallet changer to automatically change a work pallet on the rotation table 
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41 , a pallet carrying-in command is defined as an independent data block In the 
forefront stage of respective NC programs NP1 and NP2, and a pallet carrying- 
out command is defined as an independent data block in the final stage thereof. 
[0043] In the respective NC programs NP1 and NP2 for individual machining 
5 created in this manner, a command for indexing the rotation table 41 at the 
same position in the same order of the table indexing operation is defined in an 
overlapping manner. After the CNC unit 50 issues a command so as to index 
the rotation table 41 to one position according to one of the NC programs, if a 
drive circuit DUB is instructed to index the rotation table 41 to the same position 

10 according to the other NC program, an error occurs in the indexing operation. 
Therefore, it is necessary to modify these individual machining NC programs 
NP1 and NP2 for coordinated operation, and the CNC unit 50 executes the 
coordination information adding processing 64 shown in Fig. 3. 
[0044] Fig. 9 is an explanatory diagram of the outline of the whole coordination 

15 information adding processing 64 executed by the CNC unit 50. Specifically, 
the coordination information adding processing 64 includes approximately three 
types of processing. In the first processing, the preceding machining unit and 
the subsequent machining unit are determined in the same processing as at 
step S1 in Fig. 7 based on the data block group for the same machined surface, 

20 table indexing commands IA to IC in the previous stage of the data block group 
for one machining unit subjected to the subsequent machining and the last 
indexing command ID for returning the table are invalidated, and an indexing 
completion wait command IWC is inserted into the previous stage of the 
respective data block groups. In the program example in Fig. 9, the first and the 

25 second NC programs NP1 and NP2 for the left and right machining units 

respectively includes a first to a third program units LP1 to LP3, RP1 to RP3, 
which execute machining operation in three same indexed positions. The 
program units LP1 to LP3 in the first NC program NP1 is programmed so as to 
allow the machining operation of the left machining unit LM to precede that of 

30 the right machining unit RM according to the program units RP1 to RP3. 

Therefore, in this program example, all indexing commands IA, IB, IC, and ID 
overlapping on the indexing commands specified in the NC program NP1 for the 
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left machining unit LM are removed or invalidated. Furthermore, the indexing 
completion wait command IWC is inserted into the next stage of the respective 
invalidated indexing commands IA, IB, and IC, excluding the last indexing 
command ID. Preferably, in this processing, an indexing wait release command 
MIC for releasing the corresponding indexing completion wait command IWC is 
inserted into the respective next stage of the remaining table indexing 
commands IA to IC. 

[0045] The second processing in the coordination information adding processing 
64 includes adding a machining completion wait command MWC instructing not 
to execute the next indexing command of the rotation table 41, unless all 
machining operations by the left and right machining units LM and RM are 
completed on the same machined surface, and a machining wait release 
command MMC for releasing the machining completion wait command MWC. 
[0046] Specifically, the machining completion wait command MWC for 
confirming completion of machining at the indexed position by one of the NC 
programs is inserted into one block in the previous stage of respective indexing 
commands IB, IC, and ID for indexing the rotation table left in the other NC 
program to the next indexed position, and the machining wait release command 
MMC for releasing the corresponding machining completion wait command 
MWC is inserted into the other NC program. The third processing is insertion 
processing of the machining permission wait command and the machining 
permission command between corresponding groups of NC data blocks for 
preventing interference between the left and right spindle heads 31 and 32, 
when the left and right machining units LM and RM cooperatively machine the 
same machined surface. This processing is executed as described above with 
reference to Figs. 5 to 7. 

[0047] The table indexing commands IA, IG, IC, and ID are left in the first NC 
program NP1 for the left machining unit and the table indexing operation is 
controlled by this program. In the second processing, therefore, the machining 
completion wait command MWC for waiting for the completion of machining 
according to the program units RP1 , RP2, and RP3 is inserted into the next 
stage of corresponding respective program units LP1, LP2, and LP3. 



Furthermore, the machining wait release command MMC for releasing the 
machining completion wait command MWC is inserted into the next stage of 
corresponding respective program units RP1, RP2, and RP3. In the third 
processing, the machining permission wait command PWC and the machining 
permission command MPC for coordinated operation are added to the data 
block group of the corresponding to program unit in the manner described 
above. 

[0048] When a part of the program units in the second NC program NP2, for 
example, RP2 is designated for the preceding operation, different from the 
program example in Fig. 9, the indexing command IB in the program unit RP2 is 
left in the first processing, and the indexing wait release command MIC is 
inserted into the next stage, as shown by chain line. On the other hand, the 
indexing command IB in the corresponding program unit LP2 of the NC program 
NP1 is removed or invalidated, and the indexing completion wait command IWC 
is inserted, as shown by chain line, into the previous stage of the data block 
group Lc following the indexing command. Furthermore, in the second 
processing, the machining permission wait command MWC is inserted into the 
next stage of the second program unit RP2, and the machining wait release 
command into the next stage of the second program unit LP2, respectively, as 
shown by chain line. As a result, the indexing command of the rotation table 41 
can be provided only from one NC program NC1, as shown in Fig. 9, or the 
program unit that provides the indexing command can be changed for each 
program unit, so that the work load of the machining unit that performs 
preceding machining, that is, the work load shared by the left and right 
machining units LM and RM can be made substantially equal. 
[0049] Fig. 10 is a flowchart for allowing the CPU 51 in the CNC unit 50 to 
execute the coordination information adding processing 64 including the above- 
described first to third processing. When execution of the processing 64 is 
instructed by the operator, the first and the second NC programs NP1 and NP2 
for individual machining are divided in a unit of indexing command (step S21). 
Specifically, as shown by broken line in Fig. 9, in each program, one indexing 
command and the one or more program units following this are divided as one 
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group, and a top memory address for storing the NC data in each group is 
stored. A division number Dn is then set (step S22), and in the program 
example in Fig. 9, Dn=3 is set. 

[0050] Subsequently, a processing group pointer Pn is set to an initial value "1" 
5 (step S23), to specify LP1 and LP2 as the first program units in the subsequent 
processing. Thereafter, it is determined whether the pointer Pn exceeds the 
division number Dn, that is, whether the processing has been completed for all 
groups (step S24), and when the processing has been completed, the 
processing based on the flowchart finishes. When the coordination information 

10 adding processing 64 has been not yet completed, it is determined whether the 
first and the second NC programs NP1 and NP2 both have the program unit at 
the first indexing position specified by the pointer Pn (step S25). When only 
one of the NC programs has the program unit, that is, it is determined that the 
machining operation only for one of the machining units is programmed at that 

15 table indexing position, control jumps to step S34, where 1 is added to the 
pointer Pn to specify the second program unit, and then returns to S24. 
Therefore, when it is programmed, at each indexed position of the table 41, so 
that only one machining unit individually performs machining, any modification 
is not carried out with respect to the program unit that specifies the indexing 

20 position. 

[0051] However, when the program unit for allowing the left and right machining 
units LM and RM to perform machining operation at each indexed position is 
present in both NC programs NP1 and NP2, it is determined which machining 
unit performs preceding machining (step S26). This determination is performed 

25 in the same manner as the processing at step S1 shown in Fig. 7. When it is 
determined that the left machining unit LM performs preceding machining, the 
indexing command IA in the program unit RP1 for the right machining unit RM is 
deleted or invalidated (step 27). The indexing completion wait command IWC is 
then inserted into the next stage of the indexing command IA, and the indexing 

30 release command MIC is inserted into the next stage of the left indexing 
command IA (step S28). Furthermore, the machining completion wait 
command MWC for confirming the completion of machining operation according 



14 



to the program unit RP1 for the right machining unit RM is inserted into the end 
of the program unit LP1 for the left machining unit LM, and the machining wait 
release command MMC is inserted into the end of the program unit RP1 (step 
S29). On the contrary, when it is determined that the right machining unit RM 
performs preceding machining, the indexing command IA in the program unit 
LP1 for the left machining unit LM is deleted or invalidated (step 30). The 
indexing completion wait command IWC is then inserted into the next stage of 
the indexing command IA, and the indexing release command MIC is inserted 
into the next stage of the left indexing command IA in the program unit RP1 
(step S31). Furthermore, the machining completion wait command MWC is 
inserted into the end of the program unit RP1, and the machining release 
command MMC is inserted into the end of the program unit LP1 (step S32). 
[0052] Subsequent to step S29 or S32, the interference preventing processing 
is executed based on the flowchart in Fig. 7 (step S33). As a result, when the 
program units LP1 and RP1 for the left and right machining units LM and RM 
are executed by the CNC unit 50, these program units LP1 and RP1 are 
modified so that the left and right machining units LM and RM are cooperatively 
operated, and a part of the end of the machining operation of the preceding unit 
and a part of the start of the machining operation of the subsequent machining 
unit are executed simultaneously in parallel, in the state that the both spindle 
heads 31 and 32 do not interfere with each other in the direction of X axis. 
When the interference preventing processing at step S33 is completed, the 
pointer Pn is advanced (step S34). As a result, the second program units LP2 
and RP2 are specified as the next object to be modified, and processing at 
steps S25 to S33 is executed again for the second program units LP2 and RP2. 
After the coordination information adding processing with respect to the second 
program units LP2 and RP2, the pointer Pn specifies the third program units 
LP3 and RP3 (step S34). Therefore, when the processing at steps S25 to S33 
is executed again, the third program units LP3 and RP3 are modified, and the 
coordination information relating to the indexing of the rotation table 41 is added 
as shown in Fig. 9. 
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» 9 #ttfcXA«:/B^Tt6W L.T^JOXi-S fctfxD 2 
^y KlWWiyo ^7 AoM^tfcoT, 

fro Tift 5 j£ ^ "CJRSd&P X~T £ fc tf> tf>*ft0>7*— * 

iDxs&f^^a«-r5KriBte*<o^*fc^y K^sfriBttfto 
ADXfi^f±ffe^«st^nx«^fS: i#ojBA«3^&tt 

JPX^n ^ A£ffr£t-5|g 2*PX;7 p n ^yAM^T 
S^i. SB-*©±#^jy K#S«Tr5*ftC>j&PXfl 
Wlc»t-**PX»^-|fIS^«r1Effi*0^tt^2x 

tT^5«fiaa*^*DXfl^»iffiriBffiott*oipxflBf 

» 1 2fcT*» 2^PX^n yr&ftj&^T y yX'ftfOLZthtc 
lMrlBifetTXt/aJHSPX^n ^7 A<^iW*^tt»3Ste<3[)fc 
*^»W«««:W*Pr«lBWW«#*n^^y^i:. 3^6 

wwttwap^T 1 s> ^riiwaifwwsriBW-t-a cncs 
«a**fTi-* § mas* y^^-e&s^ &w»i-**p 

3 ] fft&g 1 Xtt 2 |2HB«©*j*m*5V>T, 

tffllB«j^PX^u^7Ajc:Se5S91Bffi*<0±tt^^ K 

ww«#aD^^y^aic, striBftfT&^aaapx^n 

Xiftl^^fe^^^'&Sr^-f-SffiP^DX^^^ y 

[ 4 I H|*9f 1-3 <0(pr*ts5^ 1 *fc:1B*©#tfc 
Kfev^T, MrlBfftWflltt^ip^^ym, mifsa^fpx 
:/n ^9 A^w^o-»osi«*#«s*5ipxffpr# 

^^tfrlB^jffiApX^a ^ AOgtr^KJf A^S 
J-ffirlB*PX*f^#^^»|»t-S*PX»W^SrffiE* 
ff*P X y n ^ y <D'& \z. If A-T 
S:4*«^i-S*PX^n^7Af^fifc*«fe. 
[»*S5] 2-&s>£*»^y K0#* «r#ft£>&IMft 
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17 — ^o«»©*PX«BfS:ltrBB2-&^*li^y K3^**t 
fofc«i5ftltfcXJtS:fflV^Tl8IIUTJtoXi-«fe«>^2 

10 *DX«FfSriPXS*<5fca?>^* l*DX^o ^ ^ ASrJfeB 

•rs^iapx^n^^^fp*^^^^^, itriaiue^- 

femTztmzzthtbmm^<D&*\zffi\,^xmm±m 
^y K©«*m«riB!7— ^ io«rta«*©apx*]5fx«t 

fl&C>tt«^*PXfiW&*DX**<5^:«)^>IB2APX^ , n^ 
7AS:S8t5S2j!iDiyn^7A^Ty/i:, tt 
IB* 1 JktMS 2^JDX^n ^7 AfctWBHlR^— ://HfcH 

20 2*DX^o^7^©-*lc)E||Sn*»IBm««Wffl 

fe^ - ti] S Hfc r <5 fc ^ ffi^T 

Srffe* rtl/p^7 ^ <D hu IB«IS* 3 ttfc*J ffi 
30 *^j»<*px^n^^A^s(r^ft*Pt-**^^, mf 

< iDXttf^O^T «r«K^« fc»lcJpX3fcT«Mfc^S:tt 
EWffi^^aSHfcftlX^P ^7Ao*ft|:#JratS 
HkfPi:, SftlB^X3feT#^^»»rSA^Sr«!r1B«l«i 

Saf^ir, W4«: tSr#»t5*I/n^7AM 
[0001] 

^«ffi*tL-5«^.tfNC^o^9A-cft*Six5*PX^ 

Tipxftf^rsjnx^o i/9^offfi)bSrtfei^BB-}-©. 
[0002] 

v&&<D&m m~coy—?^ttis2ii(D±m^y 
adc ttM ur*px*iti-^ft©**iMWxfww*fc 

^v>Tfi, 2-&<0^$a—5/ K<051»ttjgiJfl<oiPX^n^ 
7J*\zft^xmm£frZ>o IS*. reoJ:5**PX^n^ 
50 7A$:Mf5^, ^n^-^te, -^i^j' 
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MW)ftm<otiito<om 1 ^px^n py^^^m^ y 

[0 0 0 3] 

«fc 5fc— ^G^fc*^* hWc^OffllApx^n^ASr 

[0 0 0 4] S£oT, ^^-SBWli, -*<D3E 
[0 0 0 5] 

*:#>tc, li^l^lBttOiDX^o^^Af^^jSfeW:, 

*) ttfcX*«rfl^TttW LT*0Xi-S fc**> 2 

»O*0XfiSf«rffi*<O*tt^y K^iejft«^?>e#OjB 

O^-^^n^^d^^SifefTJnX^n^^Ai:, «jR 
-rSffi^TO^tt^y K^fflHB«»0*DXfigFfXtt»J<0« 

tt^DXfflWfci^je^iw^^fflria--*©***^^ k 

^^(Cf^^oT^^^^^^^DX^^fc^O 
IS^Oy 5 — *:/u ^d^ftSffcj^DXT/n^i^S: 
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(O^m^y Kd^ff-rSWftoiPXflBf^^i-SADXW 
X^a ^7 A^W*^ttll*«Kofe*ottW1f *S:«-*d 
[0 0 0 6] roJDX^o^^Afpjgfc^ft-Ctt:, *;&Jfc 
<D±#&^y K^Hfrt--5«3BHrax^ , n^7A^^ > ffrf, 

/0 -^^(^ffADX^P^^AcD^^— «£»jR*DX:/ 
[0 0 0 7] »igft«t8i:br, W#*2fc:K*£.ji,s 

20 [0 0 0 8] *fefc#aift»«i:UT, K1IB4K 
£;ft,£;fr&te, ¥aaitefflO*DX^n^7AS:fpfifeb^ 
^I'^ixkAnXr/n ^yAl^v^TMitt^^ K£HB 
SMJcai(BbT«-*Sll«effi*DX^n^7A^*ix^^ 

30 ^7*£#rtT2gi:»-T?fTV\ /<*Tfc**r#*fcua*o 
[0 0 0 9] *e>lc#igft«J8i: UTflt*«4^12*S 
^DX^n^7A<0W*«<0||W*#«**-5iDXfflFBr 

#A*fc«rlB«JlWDX^n^7A<o«r^ffl^jf Ai-« £ 

Wia*0X«=W»^Sr*8fer5*PXfFpr^S:W 
IB^fTiaX^n^^^Oft^JCJfAL, P5±W^2/K 
^*DXi6f^*— aMf?»f^**T*DXffi*©|p]Ji«:HS 
J: 5 K Lfc 0 

40 [0 0 10] »*«5{cE«038Wtt. 2^<^«K^ 
K3ftS*fflaj»X-«P«6r5 2±tt^^ KXflaBWIi:*5V*-C 

^#JttJ^O^{^V^TS2j[IPX^ , 

50 ci^ASr^«-r*. m^^^fc^O^a^ 
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5 

[0 0 11] rtttCit? x 2 0^0I/D^7A^(^^ 

fl -to»ffi*^Sr»JBftb/t5. *VMiCNCjfift^-t 

AP*T5#t^J:l3llJ£-C#5 0 ffifsml^DX^ , 

ix£ <fc 5 ^5fetf*DX^a >5^ ^Xr^aJWSPX^ci A 
iU *fc>^n^7A^«L3ir*«iS*^l^«$JX 

[0 0 12] «FjSIc«\ W#«6fcfB«S-!xSJ:5fc, 

^«H««4r#*P-f5 0 JWMStell Witf, fgl^PX 
^ n y A (DM® \c £ £>o fcStfttJift^ fcS<5v m 

S*bfcWa**^«<aDX^o^7A3ft$H%*ix5 J: 5 

*^ffAl, £fc. rO*PX7 f n>/7A^a<5<XlDXft 
f^O^TS:«l^-rS/c«){^PX^T#^S:Sg 1 flDX^ 
a ^ ^ a (- S *t* ^ o fc$J fflA^ fcjR < flp X:/ p 

»B*r5*«^«l^k*tbfc»Jffl^^3R<Apx^D^ 

[0013] £*uc<fctK ^^-#Ja5)lIffi^c*3v^T[HJte^ 
— ^#raHMffltt«te«9 us*tfc*«Tri. 200 

KoiPXftf^s^tb^rixwipx^p ^7A(:ffi 
»^5^T^S*^W^— *io*PX«&^dSjfe^a5TU 

wr Mmm* t i^xm^mmmm^^m^th^ c 

K*ttW*J»T?*^ 0 B9IB9JttJ^T#^i:*PX^T# 
*8HHl ^mi^^^DI/p ^7 ^ i 

dS^S-C*>5*s. *l*t^»2*PX^n^^^<Oift,e> 
^Wffl^T##^S:#*Pi-SJ:5tJ:UTtJ:v\ ffiriBW 
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[0 0 14] 

ttWSt^W^X^S 2 ^cO±**^ y K## Xf£ 
«|^1 0cDjE®@S:^-ro ^^EK-^^T. 1 1 

70 ^ K?x^ 1 1 G&m&Ztls wtUCJBoTfe&JPX 
RM^f5-^^7isl2, 13 
tf*Bfc:*5^Tfe&;#fij (X^rfpj) K&ft&tlX^&o =1 

1 3fl ^n^ft^-tf^E— ^ 1 4, 15, 
i^0^^16, 17, tyH8, 19^b^6fe*i 
9««l2:J:9fe*r#»*^ ^Kl l^WOT^^ 

[0 0 15] U-KA-2 1, 2 2(1 =-7^12, 1 3 <D 
20 lftWffiX±TfcmT*Z>2f'{ K^^-T 1 2G, 13G(C}& 

— * 2 3, 2 4. i^tJ^v^ 5, 26, tyF27, 2 

3/K3 1, 3 2fi, tK/U2 1, 2 2(OSV>t^f^-f -5 

^2 1G, 2 2G^ftoT«r«*|R3 (Z*iRj) (C^fb 

$H5 0 ±«^K3 1, 3 2(1 flftfli^Wl^lPjfcW 
30 \zMX*Z*:tl^ti<0%&m<Dm V \zJLMc±1A 3 9. 4 0^ 

#3 9, 4 0(i, 3^A12, 13^H^OjBAl- 

[0 0 16] 0gT-/^4 1(l 4 0 

^>ffir*«0^<s/ Kl lJbT% ^or^5/ Kl 

» 0 P>ixS*-<OXfP»We5#iPXffiSrX**tt 3 
9. 4 0{zfaVZZb&XZ% o ^oT, i^7K3 
1, 3 2fl ^tbbWJj:fe«*4H6fe**rp]^*ii<o» 
»ft8^=«7^i2, i3i#I^WBSh, *fc 

f h>2 1, 2 2 ^#t(C_bTib^HT, XA^W3 9, 
4 0S:!7 — ^W©APXtt«^ffifl|*«>U -eixf>g#^ 
lftft»»LtIAi«3 9, 4 oflJMOHteoxAfciJ: 
0. 17— ^W^ADXSr^-TJ: 5fc»fW-S. 17 — ^w^ 
Mi-^^PX^, X^5 h* V /t-<DWf&X&KW\f]NJlX2b 

50 ? y7<Dm^xtetox.m<DKftm^*^w } Q*ft 
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5o a^KSA^ti^TfttXAfc!? — ^WtO^ttl 
T^H^y K3 1 , 3 3 SrW^^mHUrS^^E^ 

-rsx, Y^z^fpj{-^i^2ttx«3#*y®ur»7— 
^wt^^y ^^mn^m-r^ b&x%z> 0 &mx& 

[ 0 0 1 7 ] B 2 fit, _hBBXfts«« 1 0 ^^JW-r^^JW 
v'JXf^Sr^-o CNCSf 5 0li, *£LT*ife*Q.3a 
3£B (SIT. CPU^fS, ) 51, 

^y-5 2©RAMM, mRxfm2^mmmy^^9 

A (£*T\ NC^d^A) NP1, NP2£fBt£i-5 

LG, |£^5^@/^^-*^r-*K, XT, • • 

7 — ^r>'^^WORK^|S:it^iXTV>S 0 CPU5 1 
te, 7x-7 5 3 ^ih UXA^it 5 4Mv^~ 

>*c—5 4 2, igif 5 4 smfrbteZo 
[0 0 18] £7ci, CPUS lte, ^^?7 5 

f*, ZEtoX^-y h LM(DtLfr<Dmm\BlV&D\JX^ DU 
Y, DUZ, fctoJL^-~v hRM<Dfz£><DmW)\Bl&DU 
U, DUV, DUW, ^^{C«lHlfe^-^4 l<D%m 

X, DUY, DUZliL^^ftfclK- Tt^t— # 1 4. 2 50 
3. 3 3, iiTODUU, DUV, DUW(uSK^tl 
fcl5, 2 4, 3 4RX^mmm^DUB\zm^tlti^ 

m-tZ^^zi — ?\ 4 1 , 231, 331, 151, 2 

4i, 341, 421 frbfawmmmti*$:Jfrz 0 &m 

JL^-~y hLM<Dfr£>(DmW)\E}$&t&toT.^-—iy h RM 
<Dtctb<Dmm®&bte, DUXi:DUU^ DUY£D 

[0019] c p u 5 i ^ntffSftiaaaiffi^ttMH-c 
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t5^ft^l6 3 h LM, 

RMcr>#*t£oV^, y^T^^n TMO^J^ 
T-C^f?i"6o AWA3ta«f3a6 If*, CNCS15 1 

LM, RMSJcEJ3lJLT*^iiffiB5 4 3fc^£-g-£^ 

^temmmh^ff-tZo Ncmn^m6 2«, nc/o 

l c 5 5 * <Dr^M£^^2fc»-r s&stsiB t>-g- 
[0020] cpu 5 itmftTzz*hb<Dt&mmmft 

TglTfcffiWJiWW-rS, C P U 5 1 ^S^ffite, 00 

6c cpu5ih wmiL*-~v bmtikmmffift<D&* 

NP 1 lCO^TNC3lfT&!fg6 2 Xtt#Sl#^5® 6 3 . 
te^^^ hRM^fc^f 2NC/D/7-tsNP 2IC 

So 

[0 0 2 1] NC WKf^liMM^ 1 f-^y n 

s/ * <omfflmi¥&T\g:&<Dmmv$mftx^ cpusi 

n^7^NPl, NP2^^^y-5 23i^lf-^y 
n y ^ *ffit?»a • G a — K («H».=«-=.K-)-#— 

Lcs 5 1->—< tr>'xfflmtm&&&'rz>o cpusi 

ffr^Ufc^^A 12, 13, t h>2 1,22, ±^ 
3/K3 1, 3 2, IhJSS^— ^4 1 /j^<DTMb3BBfls-t 

[0 0 2 2] <fc!9^:#:^^fi, ^(7)»^I6 3T' 

import fcaai-^<#iia^s:*3(u, ^commm^m 

UtTb, :^i^!6 3ttl^|— aiasy b<Dl 
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~tZt^ CPU5 1I1 ^^Ji^Ttfcto^^ h 

*>\ AHi;&£«*!yS6 1ft, MM, RM 

[0 0 2 3] ^Mfl -b^UfdJ: ?\C2i3(D^m^V 10 
K31, 3 2Srtt»W5fp*-frT¥— ^4 1 _hf£ 

-^?££l|-^3fcy>f-, CPU51^(ii3^)J:9 
l-&Pff$&tt*P&3g6 4*»fi : t5tft©y7 h?^T 
tf*#;(jP£*VC^5o W^iaS^n^yAM^ 
ft, B4^ftt3g±^4*»* s ^*ixT*5 9, CNC3£jl5 

[0 0 2 4] i4{^tJ:5l^ jfe-T, 261 

1, NP 2£«BUfcfft5M-<5. B^nmNPl, N 

ft, T^M^^/to(Otfe^M^ny7iNNPl, 
NP 2 CD— «Sr!7 — ^WOflPXflgfr a~g £gS3UT^ 
-To rcO*DX«iJ-e«. ^DI^7MMffl©7'P^7 
^NPlfi, V-^y^if-N 1 0 - N 8 o $ 8 o 

\/\&nX^/Jrdd>£> d->g->c-> f • • • • (DMT*&M<D 30 

A£tl,£ e — Jj, »I^7hRMffi(D7 P o^7^N 
P2ft, mmzis— ^ry^Nl 0— N8 0£T'<£>8 

—mft-ezht>T?:\z? y :/;&pxi-5 <t ? \cyu a 

[0 0 2 5] ^n^ANP l^OTP 2 ft. UtTxE b 

5 4 Sl^^frSA^BSrx:/*— 5 4 2 K: J; 9 A *0 
^n^i(a?)^l/^5i5CPU5 1 btttBtrz>j& 

ANP 1. NP 2ft. jf£p<E>E I A =3 — K7t ta Vy h 

fix-*, M«6ttBtft^, ^^»T*^ 

ft, E I An - K^^ - K7t-v 7 h^ffiv>r# 
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[0 0 2 6] HI 6 ft. fefcto)X^-~;y hLM, RM« 
ScO^ADXSr^fi UTtf 9 m&<DZfxi #y A#J£:^i- e 
w<E>S^. &ioia- 7 MMi^n^7^NP 1 

ft, HHfc*5t^"C±afz:^-r*a:e5— #tf>Jnx«»fte* 

t^Ia^s/ HRMfcaav^DXfi^f dd>£> d -> c -> b -» 

9^/D^7i,$^ ^DI^-$/hLM^C0/D^7 
ANP 2ft. T^f^rSISO-^^OXfi^. ffi^ 

^Nc^n^Atc^T, ^sj^^o ^^^wx* 

ft. ^NC^n^^A^^^^n^^^fir^fC-^x.^ 
rtb«b0 5^T^gl6-eft^BS^ttTVN^ o £<b 
IE, H5Xt«8 6K:*5VvC\ Mllbffl^/n^7^N 

pi. NP2dSfpj«*ix6aB-ett, apxbfpM&^mp 
c R twraxfp pwc ft if A £ tix v \ 

[0 0 2 7] St/H4«d^i-J: 5fc, aWRH^JBlX^n 

NP1, NP 2(D^>/^|ltT^tt^ e :©7/^M 
DBGlft, #NC/ti^7A5:CNCii5 OfCj: 19 
WJfC^fTUfc^fC-e^NC^n^^ANP 1 , NP 

t^o r (7) MS It, ^IfWttlO^^^tlc 
*NC/o^7^NPl, NP 2t£S<5# I7-^W^*f 
bT»»i-5X*0*U»Sr*^lifB5 4 3±^^$^: 

xwiVEmm-tzyy h ^7^5 v—>3 victor 

ft, #NCyn^ANPl, NP25:i^CNC^ 
fi5 0^J:D«SU^||fT**. 17 — *WKl*fLXA«:» 

mzitxmMztiZo ^<nm&, x^y— ^wi^u 

*PXi-5«UWXi-*£#W\ »UraXS*Lfc!7-- *W 
©^S:I)lt«^NC7 P P /7^N P 1 , NP2<£> 

[0 0 2 8] ^NC^o^7^NP 1 . NP 2 Sr^MfC 

^t^f/^DBG i f^t, *3a»-ett, wapx 

^~S/hLM. RM^m^Uri^^^aSte-r^fc^fCf^ 
NC/nmNPl, NP 2{cttPffif«*sf**D*tb 

T^dlDXt^^^nXSrW/lPXa.^s' h LM, RMI^ 

as*5H5<o»^m ^pxibf^^5fetT-r^BiNc 

^««^fl^»c:lMU**b5*DXW^*MPC 

st#)!jpu, Mx.&mmnxmifcistizm2Nc7vy 

7ANP2 (^T, NPt^f, ««ftII^n^7Ai:»t 
5 ) f-^ISoesiJ fc«SU * fhZ> iPXffFBTfirA* PWC^ 

#*p-t~6o Apxfffpr^MPCAifiPXfiF'BjfiMfe^pw 

CC0#^IPft, fttI/o/7ANP20r-^7 r 0 7 
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»S2P^n ^^fT^PX^o^^NP 1 OHH&iiiR 

[0 0 2 9] J:9*#»»C«t, ^^PX^u^^NP 
2^Mf-^yn5/^ TNlOd^DXj SrJtKS^^ 

X^o ANC 1 coHr^cO^— y ? TN10 

dJPXj , 2#@(7)^n-/^ TN2 0 g^PXj , 3# 
n<D7uy? TN3 0 c#PXj , 4#@0^u^^ 
TN4 0 f*0Xj U WRSlXfeH^ny /0 

^ COX M WW^T»*lHljttr 6W«*KKT 

ftU£*Uffi-r* D COgfjettKtt, H±*^'K3 1, 
3 2<o^tt3 9i:±tt4 0 k<Dffia>fc>SJ?mz&VZ>m 

tt&Z<Dmz&^1tft1R^i>ffi£M^y 2* 3 2<D 

&^<OttfoWmmz&T<D&ffl&x-£$X 5*«£ IT 

MPC-d^*U^J^»ayoy^ TN5 0 
bflPXj Ott«fc:fflAU «*HlDX:/i3^7A 

NP20|j6^B^ TN10 d ADXj 0*«fclDI 

BFRTA-frMP C - d (DWffK X V ffimZfrZtoJLft rT# 

^PWC-d £tf A-T^o 
[0 0 3 0] ^^JDX7"n ^yANP2 coJt^S 

W*8©/n^ FN 2 0 g^PXj |CS/7fi-5i 

Sr*jfe^ny^ TN10 d#PXj , 2#BO:/u;y^ 
TN20 g^PXj , 3#gcO^D-/^ TN30 c AP 
XJ , 4f IO/p^^ TN4 0 fJlJDXj CDjllT'iliR 

J: TtffcU^W^Six^^oy^ r N 6o e)dp 

xj *sttm*H, ©^o y ^(o«raj2:att*nx^ci^7 

ANP20/P>7^ TN2 0 g#PXj cDHfT&fF RTf 
S*DXWpr^MPC-gS:lfAU *itiWllI/p 
^NP2^ny^ TN2 0 gJ&DXj OttJftfcC: 
co^jpx^-pT^^ J: D»lfcS*t*jDXfFBr«P#*PWC 40 

iSi-- <t^i t), H9 0flBJftt, *DXSfpr**MPC- 
cMMPC- f ^r^tT^PX^ni/^^NP 1 cD^n y 
^N7 0, N8 0©t(lfJMc*Jx-pn|fAi-«4:*fc, to 
x w pr# A* pwc-cMpwc- f zmmu^ a 

^7ANP2^P^^N30, N 4 0 OMRfC-tit? 

^ifA-r^o 

[0 0 3 1 ] ^DXffpT^^MPC-d— MPC- f «t, 

£ oaa-a** r$i — $4j c7)=i — K"CA^jSJx % 2jpx 50 



2001-123 0 

7-? 

^#^pwc-d-pwc- f fe#«0>iB#-e»* 

-cssav m^nm^tmm^t <ou^t>^ r¥i 

— ¥4j con— K-CA*S*u<5. ^^J:plctt£*0 
JPX^-s/hLM. RMSr^»^(EUrjDXi-S^^ 

^npi, np 2*5jaoJDX3.= 2x K<DtSil3lteffll- 
fcJEZti, ©ll^/Pi/yixNPlR, NP2R# 

[0032] ^(ommmmmmmcD^ m^^-rx 

3 0 r(O^^DBG2JdjoV^fi, ±m<D£5\cmjE 

1 R&tfNP 2R^I$tfi i »|eiCNC«t5 0 KHfr 

ttltOf^NCyp^^NP 1R, NP2RA^^^ 
SrSfe*-TS 0 TOoii^Pi/yANPl, NP2C 

4Sfltfc*3tt 5 %l<Dy"/< FT) B G 2 tt3£gK?T 7 - t & 
T*#£ 0 ft*5, {gjEZtbtctoJiyvy^J^NP 1 R, N 
P2R^CNC5St50l:J:^ffJM^t, RSfiS 

o* 5ADXfFpr«F^PWCSr«»U r<0¥|B#«0* 

R©ypy^tov^t, wi^vtcNcMn^me 2 fen 

[0 0 3 3] #*W#jfe©3=fc54^J\ ±3z&Ufc.fc 5 
fC, feMDI^-^^MM, RM^rWl^t^NC 

^t^t^(7)#^ co^-— ^/ h^OW0l^P^7AN 
PI, NP25:t«U »coH:Bfc*3V>xc:ttf>* 
^DX^a^7^SrSP3ieffl^mPtS«S:#^D"t"Sy 

f^NC^n^ANPlR, NP2R|i, W>mM& 

$^<Ot, -*coJtiDX^.^s/ h (0!Jx.fiLM) JftSSfeK 
Ufc*&{c:«. mJj<Dto2L^-^y h (RM) ffi^^U 
■t^>**«flFSixS*a»«Bffl^^C7^7A (NP2) 

u>/yA (NP2R) d^e>ttH5»E^fe«>lc#ApL.^:W 
« (PWC) ^*Uct(^^o^7^^Lt 
ffe^^PX^-^ y h \z X 9 *ttaBE-caiX«:ff 

■c**fij/Si6s«>5. ^aaaicfflsnx^ 

B^ANPl, NP 2Sr#^Ufc^^rtv^^ p o^^ 
I/nOANPIR, NP 2RSrf^J^Ufc^^$P>^ 

[0 0 3 4] ttWfl»«f*iP«l30i6 4tt, ^Xtt 



< 



13 

trv^o ro#^3g6 4$rCNcgf5 o\zmft£ 

[0035] El 7 f*. g| 3 ^^-rm^fS##AD^ 6 4 

V — 5 2t;iiEt££nT^5:tfc^T\ ^^v— *#AtitJ7j 
3^®5 4(^J: t) r^^31^tT^?:A^7"r^^. CP 

^7ANP1, NP 20fpltt^-^«^(0 2#9^ 
(DllQXmffid, g, c, f, b, e, a^XttSSMittS 

JWftje^ifumaw-rso-e, rn^ii^rs^nx^-- 

o^7ANP 2tt«ftcr>ADXfl0fd f g t c, f, b, 

e, a<Dx^nmm*m&&&frbmtiz><ox\ 

^T-rS^&AnX^.— y hRM&^gfcj&DX^.— ^ h£*U^ 

[0 0 3 6] SfoXcx- 5, h LMd^fT*DX^ipJS*tt 
SlMi2NC^P^7^NPl, NP2^tl 

TtitmmmmmAkisXwtfe-rz (^f^s2) 0 a? 
* v -m&M l, mr zft&mmmmARTmttmmm 

XfB(DT KV^A i&tfB i %*frt>W8L<0&m<DT K 

V*A i B i tCfSlt^tt^NCT 5 — s^j&SR 
tfj£;ft U7y^S5MS6) . rtl^^ny^^© 
X# @ 8Htta> htt<D3=$&^ y K 3 1 , 3 2 Of»$:|j 

£<R5£U **>*fr|C«**^5> K3 1 , 3 2jftS«flgW 



(8) mm 2001-1230 

ttftfctt, P5±«|^y K3 1, 3 2as**L-€ f Jh,fcfr<Dje 

C/n0^NPl, NP 2 ^<DXi&B*§Sffif3\ ^tb-?:* 

[0037] t&*> r> v>w&, WL&wmmr k^bi 
^/o>^W/^^ (eob) -c&sa^j&**jft 

e) , zthktmmmmtLT K^Ai©f- ^n*, 

7) o J: -5 t£^nx^~;y hffi^NCr-^ 

[0 0 3 8] i5^D^7^WtU K3 
2 3ftSdflr«"C^s'^ADXSrtT5«F, K y A-JOXSrfr 5 £ 
ii^7K3 l^d, gj c, f, b, e, a<n¥<D& 
Itf^f^^^fx y ^-T>5 J: 5 i/^S 6 - S 

9*^*955 lis*? stts. m^«tt). =p»*rt> 

»NC/a^7ANP10f-^^Py^5:N 
10, N20, N30. N40 - • • k&X.X?f<« 

30 f-eo Ky/^Di^r^its t^i^b^^, xt-x 

L-XR>K<Oi3#^^oT^»IUt^JS$tL5 (X 
y^^/^S 7) o 
[0 0 3 9] f»iti:^$^^t, Jt»S2pT K 
A i <DM&. t) dfiiW^^^PX^T-^ 

A£fr. WkMT KW^B i (DmWt, 19 bfilt^) 
Ky/^PX^x— >^N5 0<Dffi^{C^1#g<D 
ffRT^S 1 asjfASJt* (^f^SlO), 

^ ^sii) , z<Dw.m$thit)£mmmT k^a i ^ 
mmmz? vti, ufy/sn) 0 ^^^^^^^ 

S5(^fflu 3S«fSixfcJttt*2|ir K^A i ONC 

7ANP2^2f@(0^ ^^OXi^f-^/P ^ 
5fetT^0Xffl(7)I1NC/n^7ANP 1 <D& s f—$-7n 

[0040] rojipi^atar^^j:^ lasco^p 



-8- 
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$ 2j&^;ft^ft^#A£*K cffiBco^s^iOX* aflfcfi 
rT^^¥ 3i:l3 fF5Jlft^ $ 3 a**fr«x# A £ tv. 

[004 1] Jfc^ [Hlte^-^yU4 1 ^^#JWtt®^*5 
^Tfet^OIax^MM, RM>5St81$U-C!7 — ^w 
£apx^5^co:^^^A^/&>^ 8~!3l 0$: 

ANP 1 i:l2NC/D^7ANP 2 £ 17 — ^WcO#JtfJ 20 

^K3i, 3 2tcffij^^fc^(07 1 — ^/Mwm**i«a 

tt, !7 — ^WOJBUPXML lSr^Wl^^ K3 1, 3 2 
ir*fffii-<5»DXffi«^#J5 tHi-1 ocox — .y^ 
^1*PX®L lOfcJ^xOl^co^— B2flPX 
®L 2 £#PX{£g--#J 9 \r>(D s f'—9'fx*y9^ % 
2^PX®L 2<Dtc#)<Dlffi(D7 f — SI32JPX 30 

®L3S:SDXfi£H— #JDtHi-loO^— *zfny# % f$ 

\^x9-?<Dmmmmk ut*«^»i*dxbl i 

[0 0 4 2] 17 — #W<Dm— *DX®SrADX-t-5fe«)CO«. 

a>u ^^«B-c«, H5&t5B6^-r*DXfppr^ 

$ 1, $2 • - •Xt^rn^»Srfti-*DXfFpr#*^¥ *0 
1 , ¥ 2 • • - A*ttTWjM\ L< tt, 

[0 0 4 3] ^.0J:5^ritSttS*a*DXffl^>#NC 



»H 2001-1230 

^"ONC^o^^A^oTlHlte^— y/l^4 1 £ 1OC0 

^7A^{£oTf^— <Qffi«^Wffl-ri:5^jffi»iHlBDU 

^il^WDIffl^NC/D/yANP 1 &tfN 

©5 0«H3Ottm*«W*P*a3g6 4SrmTi-5. 
[0 0 4 4] @9fl CNCgS5 0^rfft5Wjf 

flc»JCMt % r<O^P^3g6 4te N $EB&3o0^3®ri*<b# 

^jpx-t-s— ^-coAdx^x^-/ h^^— ^^poftr 

:/A^Jti3ift<£-l A— I CStff-^Il 
<Ofc*co«^coS»Jm^I D&&m^~?Z>k$cl^ fry* 

z>®>mx$>z> 0 m9<Dy*y : 7j*Mxi^ fe&co^px^ 

^yhffiOilMSaNC/n^yANPK NP2 
«t. V^r*tt3o^|^— o»Jffiffi«-t?*DX»f^SrllfT"r 
^>|gl~^3^n^^A*J5L P 1 ~L P 3. RP1-RP 

^LPl-LP3(i, £APXa.= y MMWttXftM 
y^n^^^^RP 1— RP 3 (C^5*rADX^— ^ h RM 

monc/p^anp 1 *^«s**L«wa^^a: 

HtSMUiA^IA, IB, IC, I D#:£T8fcfcS;h, 
M^^ttSo I DSr^< 

«l«i^SJxfe«.Mffi*^i a, IB, ICOfcSWMUJ 

fix ^U/t^ — ^/UffJm^^P I A— I CCO^-^CO^ 
#»^^M I C ^J¥A"f-6o 

[0045] «wfflp«ft*pft!!3a 6 4<Dfg2<Dtikmn. m 

— ^JPXMtCioV^T^^'CO^DX-^^ 5/ h LM > RMrtI 
»^4tS7 UftV>» «9 Ih]^7 : —^/W4 1 CD^cOgijm 

[0 0 4 6] Aftrtttsitt, -^NC^p^ACa^ 
B, I C^t/ I DOffl^COl^iP^^^ftfe^CON 

c/p^7^ia 5 <om W{i«-eoAPX^T frfftBi- 
S^DI^Tt^MWCiSrfflAt, ^"T^^PX^T# 

C7 p P^7^^At5 0 ^3<O^S«. ^-^PXffi^r 

y K3 1 . 3 2 [^drcO^^KJt-T 



77 

[0 0 4 7] T-y/^Jtfj^IA, IB, ICMI 
D£;fe&DX^~^ hffi^lNC/D^y^NP 1 

J: 5f-b7cOT\ ^2<s>#ygT*J3, ^n^AgflRP 
1, RP2, RP3fc«5ADX03teTfc«MSBi-5*DX^ 
TM^MWC&^iSt^/n ^7 ASPL P 1 , LP 

r/n^AflJRP 1, RP2, RP 3<D&*(Dft;&\Zffi 

Zrfvytm^ &mwfc<Dti&<Dtoj:¥f»J#f<fo^ p w 

[0 0 4 8] H9(^>^n^7^ii:flRtt 0 -cJg2NC 
^7 ANP 2 (O-^/n ^7A^ 01lx.kfRP2 

*S\,*xm7v ?9 AttRP 2 oirjfcthft^ I B££§-r£* 
K:ftIl:fc«iR"C^i-J: 5 ^Sdffi#«I^^M I CSrffiA 
U — $1NC/n/7ANPl^t5yay 

7 asp l p 2 ©MfcHiiM* i b *m3sx&m$hK~rz> t * 

itvTti 5 t-9Jttl^T#^^ I WC^rtfAi-^o. $ 
P^7^RP2(?)?ctlr > aDX*W!Hft*^*JS2^ci 

ADXiWi-^DX^— y k o£ 9fc&£>#nx^~s/ h 

LM, RM^^^^^^^^^- 

[004 9] ^ 1 0 te, ift^ L^fgl ~^3CD^3@$r-g-tP 
ffl,mWWLWN&±m6 4$:CNC^i5 0<£>CPU5 1 f£ 
MffcSlt'Stl&MD ~7 n ■ — — h 5r^^o 1^16 4 

W1WI2NC/P/7ANP1, NP2^fiJtti'^ 
^¥{£T*#^J£;il,5 U77/S2 1) 0 ^^J^^, 

®9T^^ax*a^T^-t-J: 10 

^A^jTte, Dn = 3 tt£7££frZ> 0 

[0 0 5 0] jR^T, ^g^/W—:/^ ^Pn 
m." 1" t-ir^/h^tL (xry^S2 3) s Ek»<D#m 
Wt5:i1#@<o/p^7^^ UL PI, RPl 



(10) #Hf§2 001-1230 

#yg6 4 #*5ST ^^Pn-e»*Sii5* 
PI, NP 2^^^^ p a^^^gjj^bTV^^J^^ 

£ . t) ^O^— ^/UfiJffi{i@T*«--^^DX^^ y 

hO^OADXi&f^^^n ;/^.A£;ft,T^<5 

nfC 1 OPS:UT2#@O^Oi/7^aJ^^^^^fc 
T^DXSbf^i-5 J: 5^n^^AStb5»&-Ctt, ^O 

[0051] ua>ufta*k, *waffi«fc*5v>Tfe*<o 

^P^WPC/n^ANPl, NP2tZl# 
20 ffii-SS^-CW:. ^bOjPX^—s' M*#DXS&f££r5te 
fT^SOjto&fcMjg^JxS (^77/S2 6) e r.©¥U5£ 

W\ B 7 o^r j/^S 1 5*ftli: UttTfe 

&M3La-—y hRMl^P^ASRP 1 OfiJdJ 
AdSfiiJBfeXttlSafcStb (^t^S2 7) , w 
(Z)^Jtil^ I A(Z)^(^jtii^7M^ I WC^A^ 

^MIC^jfA^tl^ (^77/S2 8) 0 £ & 

30 hRM<Dmmy^^V^URP 1 lcfie5*PX» 

^^>^TS:«li^"rSADX^T#^MWC^ifA$ttS 

MCdSffAStbS (^77^3 2 9) 0 5^{C, ^DX^. 

hRMSr3tefr-r^^*J^^ix-5^#, &APX^--^ 
h LMfflO/n ^7 Ag|5L P 1 ©WHtflH* I A^^iJ^X 
fiigli^tl (X77/S 3 0) , r^SJUl^IA^) 

^^^§i5R p i tom^ifhtcmm^ i A^^^fijm® 

^ ^p^7^R P lcO*m^ADX^T^^MWC36SJf 
A^tb-S^^tc, ^n^^^LP 10*m^*DX»Sfe 
ft^MMC^lfASnS (^7^S3 2) 0 
[0 0 5 2] 7T7^S 2 9X(*S 3 2(0^, Ht[^bfci 

th ^77^S3 3) , zmcxv&^comji^^y h 

LM, RMfflcO^n^^A^L P 1 £RP 1 ^tl^ 
^CNCS15 0tCj:«9^tT^tb6^#, ^^JDX^- 
-7MM, RM^t8W»fP*^"C5feffi-53.= tx bo 
^X»ff0»«|<0— »t«JR+S*DX^.= y hGDJtfMMcO 
50 -SPir^W^W^s/ K3U 3 2^x$A^r^"CT 1 #b^ 
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(11) #HB2 001-1230 

19 20 

z>o =FW>&5±z&ms 3 3&$a7-rz>t^ tfso-fpnn y k^^u^^ ?t£W:mx&ftW}ftx$, tiunmm 

ti^/o^7Aa5LP2, R P 2 iJlOV^^f ^S2 ^Wl^u 7? M^mm^ ZW&\Ctemto?Lyr v ^ 

5-S 3 3frn£nft£thZ 0 2#@o^n^^A§PL ^ ^^-^^^^affit-5S»Jttl^Sr»J^5 J: 5 

P2, RP 3^-r5SPff#^P^3®^^ % tf^f^ VTz<DX% 2o^DX^n^7^^f^J^(c(li--§r|/±Jffi 

P n 3 # B ^^AgULP3, RP3 Sr^t* 5 g-lHl^-^/uSr^J 9 ffii" <t 9 ^^JW-bOT^^^ 

(XTy^S 3 4) <DT% m/^T^^S 2 5~S 3 3 £ix, mWr-^^(OpmUm\^ *5»t 

3, rp3«i^, i^#jm^n-r [0056] ffafcf±, a*3g6^ia*$tvsj;5^. 

[00 5 3] ^^$tu^DX^n^r^ofJ^^Jtti^T##^Sr 

J:tttf, 5fetT-T^-^-0^#^^ Kdsa»o^DX«jJfSr ^TSr^i-S^*<DAPX^T#^^^S»ja^^te^ 

<OiPX«BlfXttaUott»^Xfl^S:J«^xrSfc«> I/p^7A^ot^5^Mte$tiM5^ 

&*ft* # iLflMfcffrSU ^Er^aiffeffXr^aJKftDX^o 20 i^jy K<0*DI|i^ASSTt5*tlH9^-*©Jll 

^^^a>^^16WSB^^«>©tawW«S:#*Di-5 <fc X»f^36«5fe^^T UTt> lilted— 

^APX^o^^AO^tlRlflS^JttflsW^a^fig-T? [gji] *|8WOinX^n^7A^*j5feS:Sa»rs 2 

^y b*<D=F»<Dfr&^gLlsX ^(OT^mm-T tt#><D IB2] MIBX^^O^^xA^^i-yn^^^ 

«ISW«*i^RfflBfJc»Ai-Sr^^J:!?»j«*ix50 Ho 

[00 5 4] »ig^tt, §*#*2fcjB*S;h,S<fc5K:* 50 [B4] *^M*ffi(?5«H^JiHS:KWi-SttWHo 

£#te*0«ttP3»g:/n /7A±0/<^^»*t5 J: [H 9 ] m 8 O^o Afljfc: rfctf -5 tSPffif «f**D#!« 

D^^i^^^^tL^^^^ci:5 1 b^^v^^iali^te [01 0] IsHEt 1 — yyuSr«fflr5*&fc*5V^-C«rlBC 

£ UT/<^©|S**f:#«^o«WFIH-cff J: 5 t-ft [»-§-*>««] 

LM : fe&QX^-^s/ K RM:*j!jOI^^5/h, 3 

[0 0 5 5] Sktejftgtett. lf*3S4^iE«$tb5«t 1. 32:±#^K, 4 1 : leHEx — T : 

ttifampif^^, mmtox.y'u j±<Dm*n<D xj^ w : ^ 50 : cncm, 5 1 : cp 

^ff^aS^SaPXW^^^ajBWPX^ni/^A U, 52:^^y- , 5 6 : fiKM^S. NP1, 

oittr¥&KJfA-r Zk&iz^ tox.wt^ft^Zffim-tz> NP2 : »m$2nc/p^7A (5tefxftt*«»*P 

*PXf*^A^*5fetT*PXro^7^<0«*«fP^}fA-r« 50 INC^d^^A) , DBG 1> D B G 2 : S£1 
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